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TENSILE PROPERTIES OF A TAPE WITH A TRANSVERSE CREASE 

By Richard H. MacNeal and 
. W i l l i a m  M. Robbins, Jr. 
A s t r o  Research Corporation 

SUMMARY 

A theory is developed f o r  t h e  shor ten ing  of a m e t a l l i c  t a p e  
a t r ansve r se  c r e a s e  when t h e  tape i s  ca r ry ing  a l o n g i t u d i n a l  by 

t e n s i l e  load.  It  is assumed t h a t  a p l a s t i c  h inge  develops a t  
t h e  crease i f  s u f f i c i e n t  stress occurs a t  t h a t  po in t .  The 
e f f e c t i v e  t ens i l e  modulus of a creased t a p e  i s  derived. 

INTRODUCTION 

Curren t  i n t e r e s t  i n  t h e  design o f  very l a r g e  r e f l e c t o r s  f o r  
o r b i t i n g  r ad io t e l e scopes  opera t ing  a t  low f requencies  has  l e d  t o  
t h e  i n v e s t i g a t i o n  of  methods whereby t h e  s u r f a c e  dens i ty  of  
r a d i o  r e f l e c t o r s  can be made a s  l o w  a s  poss ib l e .  This  need f o r  
l i g h t n e s s ,  coupled wi th  t h e  requirements f o r  r e f l e c t i v i t y ,  f o r  
o p e r a t i o n  i n  a micrometeoroid environment, and f o r  maintaining 
a geometr ica l ly  p r e c i s e  su r face ,  h a s  l e d  t h e  Astro Research 
Corporat ion to  t h e  i n v e s t i g a t i o n  of networks of r ibbons as r a d i o  
r e f  lectors e 

The p lac ing  i n t o  o r b i t  of a very l a r g e  r ad io t e l e scope  re- 
quires t h a t  t h e  system somehow be fo lded  i n t o  a r e l a t i v e l y  small  
volume during t h e  launch phase. Although it may be f e a s i b l e  to 
f o l d  a network of  r ibbons without any of t h e  elements being 
creased  or  otherwise deformed beyond t h e  e l a s t i c  l i m i t ,  t h e  
acceptance of such creases may g r e a t l y  s impl i fy  t h e  packaging 
problems . 

\ 

S i n c e  t h e  s t a t i c  shape of t h e  network and t h e  e f f e c t i v e  
t e n s i l e  modulus of t h e  r ibbon elements, and thus  t h e  v i b r a t o r y  
f r equenc ie s  of t h e  system, w i l l  depend upon t h e  behavior o f ' t h e  



r ibbons i n  t h e  v i c i n i t y  of  creases, a s tudy  of such behavior  ha8 
been made and is repor ted  here in .  

THE SHAPE OF THE CREASED TAPE 

A very long m e t a l l i c  t a p e  i s  assumed t o  have a t i g h t  t r ans -  
ve r se  crease placed i n  it and then be subjec ted  t o  a s t r a igh ten -  
i ng  f o r c e  a t  t h e  ends. For forces below some l e v e 1 , t h e  material 
w i l l  a l l  be s t r e s s e d  wi th in  t h e  e l a s t i c  range. For h igher  forces, 
plast ic  deformation w i l l  occur  i n  the genera l  reg ion  of  t he  
c r e a s e  a s  shown i n  f i g u r e  1. 

I .  

. 

2 

Wo r k-H a r  d ene d <? Zone 

Figure  1. - 

Elas t ic  
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When p l a s t i c  deformation i s  occurring i n  a region of the 
tape, the stress distribution is  assumed to be as i n  f igure 2. 

I' 

Before y ie ld ing  occurs 

Figure 2. - 
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A t  t h e  i n s t a n t  when y i e l d i n g  s t a r t s  

And i n  t h e  l i m i t ,  f o r  a non-work hardening material, (when 
a l l  material is s t r e s s e d  t o  

c 
ay) 

(5 ta t / 2  
M = 2 1  OyYdY - Y  - 4 

0 

The a c t u a l  moment range i n  which y i e l d i n g  occurs  is not  l a r g e  
s i n c e  

An exac t  a n a l y s i s  of  t h e  shortening of t h e  t ape  due t o  t h e  
c r e a s e  is obviously r a t h e r  complicated even i f  t h e  e f f e c t s  of 
work hardening a t  t h e  crease a r e  neglected.  I t  is  t h e r e f o r e  
assumed t h a t  no y i e l d i n g  occurs  f o r  

a ta a ta 
M and t h a t  a p l a s t i c  hinge occurs  when M > 4 

and t h e  c r e a s e  then opens up u n t i l  t h e  t o t a l  included angle ,  
i s  such as t o  reduce t h e  moment a t  t h e  c rease  t o  28 

0 ,  

a ta 
M =y  
0 4 (5) 

is  M a t  crease. 
MO 

where 

The f o r c e  balance on t h e  tape on one s i d e  of  t h e  crease is 
shown i n  F igure  3 .  
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Plas t i c  
Hinge 

Figure 3 .  - 

Where 

M = F[xo - x )  

M = Fx 
0 0 

The curvature i s  given by 

de M 
ds E1 
- - -  - 

te 
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where 

dx 
ds  case = - 

S u b s t i t u t i o n  of (6) and (8) i n t o  (7)  g ives  

I n t e g r a t i o n  of (9)  between t h e  o r i g i n  and a gene ra l  p o i n t  y i e l d s  

0 
e 0 

I 

l 

o r  

n 
When 8 = - 

2 

S u b s t i t u t i n g  

s i n e  - s i n e  - 
0 - 3 x 0  - 3 

(or when z becomes i n f i n i t e ) ,  x = x and 
0 

F s i n e  = 1 - - e x 2  
0 2 E I  o 

(11) i n t o  (lob) y i e l d s  

F s i n e  = i - - 
2EI 
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’ SHORTENING CAUSED BY CREASE 

Define A4 as t he  ex t r a  length of the  tape between two 
remote poin ts  on the  tape because of the  crease.  Then 

Now l e t  

5 = ( x o -  x )  

and 

5 = x  
0 0 

and s u b s t i t u t e  i n t o  (12)  t o  give 

where 
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s 

Figure 4. - 

These.new coord ina tes  a r e  shown i n  f i g u r e  4. 
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By i n t e g r a t i n g  (13) 
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S u b s t i t u t i n g  s in6  f r o m  (15) y i e l d s  

where 

and 

Also 

0 
M 

5 =F 
0 

M2 
0 5.2 = - 

o 2EIF 

0 ta 
Y ( f r o m  equat ion  ( 5 ) )  4 M =  

0 
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F = U t  t 

I = t V 1 2  

CT = t e n s i l e  stress away from crease t 

Then s u b s t i t u t i n g  t h e  above i n t o  5” y i e l d s  
0 

M2 .. U2 
- 0 z a  = - - ~ * J L  

o 2 E I F  8 U t E  
i f  a p l a s t i c  
hinge occurs  

- c2 = 1 f o r  e l a s t i c  deformation (20) 0 

S u b s t i t u t i n g  F and I i n t o  5, g i v e s  

The boundary between p l a s t i c  and e l a s t i c  deformation can 
also be expressed a s  

f o r  e l a s t i c  deformations 3 < -  
a2 8 
- 

Y 

> -  for p l a s t i c  hinge O E  t 3 - 
3 8 

Y 

and now by s u b s t i t u t i n g  (19) I (20 )  I and (21)  i n t o  (18) 
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o r  

1 where 

D E  

The r e l a t i o n s h i p  expressed by equat ions ( 2 4 )  and (25 )  has  been 
evaluated numerically and is  shown i n  f i g u r e  5. 

'h 
describes t h e  e l a s t i c  behavior of t he  ribbon and i s  independent 
of  whether a p l a s t i c  hinge forms a t  t h e  c r e a s e  o r  not.  On t h e  
o t h e r  hand, depends only upon the  angle  which t h e  p l a s t i c  

hinge forms a t  t h e  crease, a s  can be seen from equat ion (18). 
When appl ied  t o  equat ion (24a) t h e  above means t h a t  

It  can be seen from equat ion ( 2 1 )  o r  f i g u r e  4 t h a t  

F2 
0 

m 
desc r ibes  t h e  e las t ic  curve, although n o t  i t s  p o i n t  of 

te rmina t ion  a t  t h e  crease, and f - desc r ibes  t h e  angle,  8 
0 ,  

a t  t h e  plastic hinge. 

11 



rn 18 
rn a, 

c a, a, 
0 k la 
A 4.J c, 
A rn 

rl 

0 

Ln 

M 
u 

0 

N 

0 

rl 

Ln 

0 

N 

0 

rl 

0 
. 

m N rl 0 a, 
R 

0 0 0 0 0 

a, 
m 
la 
a, 
k 
0 
ri 
m 
-4 
c, 
-4 
c 
H 

c 
' m  

0 
c, 
a, 
tf 
ra 
a, 
a, 
la 
E 
m 
Icl 
0 

rn 
c 
-4 
c 
aJ 
c, 
k 
0 c a 
I 

Ln 

a, 
h 
3 rn 
-4 
Err 

12 



' EFFECTIVE TENSILE MODULUS OF CREASED TAPE 

A s s u m e  t h a t  t h e  t ape  has  prev ious ly  been loaded t o  some 
value 5 and is  p r e s e n t l y  being loaded t o  a lesser value cr . 
Then according t o  t h e  d iscuss ion  on page 14, equat ion (24a) can 
be w r i t t e n  a s  

tl t a  

, cf a Eeff The e f f e c t i v e  (or apparent)  t e n s i l e  modulus, 

t ape  of l e n g t h  4 which conta ins  one crease i s  then 

where 

= t o t a l .  apparent  s t r a i n  

€ = s t r a i n  due t o  e longat ion  of t a p e  e las t .  

€ = apparent s t r a i n  r e s u l t i n g  from s t r a i g h t e n i n g  crease of  crease 

Then 
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or 

CONCLUDING REMARKS 

It  should be recognized t h a t  t h e  foregoing a n a l y s i s  i s  
based upon a g r e a t l y  s impl i f i ed  model and does n o t  include t h e  
e f f e c t s  of work hardening nor t h e  d e t a i l e d  and complex stress 
d i s t r i b u t i o n  i n  t h e  v i c i n i t y  of t h e  c rease .  
i n v e s t i g a t i o n  i s  being i n i t i a t e d  t o  determine t h e  a c t u a l  t e n s i l e  
behavior of creased s t r i p s  and w i l l  be repor ted  a t  a f u t u r e  da t e .  

An experimental  

Based upon t h e  s i m p l i f i e d  model, t h e  fol lowing canclusions 
can be made. The e f f e c t i v e  long i tud ina l  compliance of a m e t a l l i c  
t ape  wi th  a t r a n s v e r s e  t a p e  is composed of two p a r t s ,  ciLe com- 
p l i a n c e  i n t r i n s i c  t o  a s t r a i g h t  s t r i p  and t h e  compliance r e s u l t i n g  
from t h e  " sp r ing iness"  i n  t h e  v i c i n i t y  of  the  c rease .  i t  i s  
found t h a t  a t ape  ope ra t ing  a t  a r e l a t i v e l y  low t e n s i l e  stress 
can be made t o  have a minimum e f f e c t i v e  long i tud ina l  compliance 
by choosing a m a t e r i a l  wi th  a low y i e l d  stress (which allows 
p l a s t i c  s t r a i g h t e n i n g  a t  t h e  c r e a s e ) ,  by choosing m a t e r i a l  w i th  
low t e n s i l e  modulus (which allows e l a s t i c  s t r a i g h t e n i n g  i n  t h e  
v i c i n i t y  o f  t h e  c r e a s e ) ,  by using a minimum thick@s$aof tape ,  
and by o p e r a t i n g  a t  a s  high a s t r e s s  a s  i s  feasiblg-.  

Astro Research Corporation 
Santa  Barbara,  C a l i f o r n i a ,  December 13,  1966. 
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